Abstract Human herpesvirus-8 (HHV8) is associated with various disorders including multicentric Castleman disease (MCD) and related neoplasms. Epstein-Barr virus (EBV) is also important in development of certain hematopoietic neoplasms. We report a case of HIV + MCD, plasmablastic type, with microlymphoma with large cells colonizing within germinal centers with HHV8 and EBV coinfection. A 66-year-old HIV + man on antiviral therapy presented with fever, weakness, lymphadenopathy, and hepatosplenomegaly. Biopsy of an axillary lymph node showed features of MCD and intrafollicular colonization of HHV8+, EBV + plasmablasts coexpressing CD138, MUM1, LMO2, CD20, and IgM. The neoplastic cells were also positive for MYC protein expression. The patient died shortly due to infection and multisystem failure after diagnosis without any other evidence of large cell lymphoma or effusion lymphoma. This case has clinical features compatible with a rare type of HHV8+ and EBV + MCD-associated plasmablastic lymphoproliferative disorder with a germinotropic pattern showing possible MYC gene deregulation.
Introduction
Multicentric Castleman disease (MCD) is a rare, aggressive lymphoproliferative disorder which has a poor prognosis requiring systemic chemotherapy [1] [2] [3] [4] . MCD is commonly associated with human herpes virus-8 (HHV8), an oncogenic herpesvirus, and often seen in immunosuppresed individuals infected by human immunodeficiency virus type-1 (HIV) [5] . In addition to the well-known association with Kaposi sarcoma (KS), HHV8 has also been shown to play a role in the development of variety of lymphoproliferative disorders including lymphomas arising in HHV8-associated MCD (plasmablastic type), primary effusion lymphoma (PEL) and its solid tissue counterpart (extracavitary PEL), and HHV8-associated germinotropic lymphoproliferative disorder (GLD) [6] [7] [8] [9] .
Epstein-Barr virus (EBV) is another lymphotropic virus which has a role in the development of a variety of lymphoproliferative disorders [10] [11] [12] [13] [14] . Coinfection of HHV8 and EBV has been shown in a few lymphoproliferative disorders in the literature, such as PEL and extracavitary PEL, GLD, and solid immunoblastic/plasmablastic diffuse large B cell lymphoma [6] [7] [8] [15] [16] [17] .
HHV8-infected lymphoid cells in MCD express latent nuclear antigen of HHV8, and these cells have morphologic features of plasmablasts that are typically localized in the mantle zone of the follicles [6] . These HHV8-infected plasmablasts typically reveal λ light-chain restriction and, in some cases, coalesce to form microscopic lymphomas that may lead to the development of frank plasmablastic lymphoma [6, 18] .
Most of the studies related to MCD in HIV patients failed to show significant EBV infection. Hence, lymphomas with coinfection of HHV8 and EBV are usually encountered in PEL as solid or extracavitary counterpart. Recently, a few cases of a lymphoproliferative disorder in HIV patients, so called plasmablastic microlymphoma, have also been reported [19] [20] [21] . While one of these reports had HHV8 infection with a germinotropic pattern [19] , another reported HHV8 and EBV coinfection in germinotropic plasmablasts similar to our case [20, 21] . We report an unusual case of HHV8+ and EBV + coinfected MCD showing a germinotropic growth pattern with expression of MYC protein in the setting of HIV-related MCD. The recognition of HHV8/ EBV-positive MCD microlymphoma is important to distinguish from other HIV-associated lymphomas.
Clinical history
The patient was a 66-year-old man with a history of HIV infection diagnosed in 1994. He had been on HAART therapy, with the last analyzed CD4 count of 800 T cells/ μL and undetectable HIV viral load. His medical history was also significant for coronary artery disease with ischemic cardiomyopathy, retinitis pigmentosa, hypothyroidism, and a questionable hepatitis B infection. He was admitted to Mount Sinai Medical Center, in August, 2009, for a syncopal episode preceded by a few-month history of fever, weakness, hypotension, disorientation, and generalized lymphadenopathy. The physical examination revealed hepatosplenomegaly and diffuse lymphadenopathy including axillary, clavicular, and femoral. Imaging studies demonstrated extensive peripheral, periaortic, and retroperitoneal lymphadenopathy, hepatosplenomegaly, and minimal bilateral pleural effusion. Due to a very small amount of pleural effusion, no diagnostic procedure was performed. An axillary lymph node excision was performed. During the hospital course, the patient developed shortness of breath, nonproductive cough, and altered mental status. A diagnosis of MRSA pneumonia and subsequent bacteremia was made which was complicated by congestive heart failure, thrombocytopenia, electrolyte imbalance, and delirium. He was administered intensive antibiotic and supportive therapy and expired within 1 week. An autopsy was not warranted.
Material and methods
Two axillary nodules were excised measuring 2 and 1.5 cm in maximum dimension, respectively. The cut section revealed homogenous, yellow-tan tissue. Intraoperative gross examination and touch imprint evaluation were reported as lymph nodes, and representative tissue was submitted for flow cytometry and molecular studies. The remaining tissue was dissected in 2-mm thickness and fixed in neutral 10 % buffered formalin. Hematoxylin and eosin (H&E)-stained sections were examined.
Immunohistochemical (IHC) stains were performed on the Ventana Benchmark autostainer (Ventana Medical Systems, Inc, Tucson, AZ, USA) on 2-μm thick formalin-fixed, paraffin-embedded sections. Antibodies to HHV8 using an antibody against latent nuclear antigen (LNA), CD20, Pax5, Ki-67, MYC, and CD30 antigens were used following the manufacturer instructions. Additional IHC stains were performed using the Dako Autostainer (Dako, Carpintera, CA, USA) according to specifications and included CD138, CD56, CD21, MUM1, and ALK1. Antigen detection for LMO2, kappa and lambda light chains, as well as IgG and IgM heavy chains was carried out using the DAKO Envision method (DAKO, Carpinteria, CA).
In situ hybridization studies to detect EBV-encoded RNA, kappa and lambda light chains were performed on the Ventana Benchmark (Ventana Medical Systems, Inc, Tucson, AZ, USA). The search for monoclonal immunoglobulin heavy chain (IgH) and Ig light chain gene rearrangements were performed using polymerase chain reaction (PCR) analysis and Biomed2 primers by a kit available from In VivoScribe (Carlsbad, CA, USA) following the manufacturer's guideline. Fluorescence in situ hybridization (FISH) analysis for MYC translocation was performed using a break-apart probe (Abbott Laboratories, Abbott Park, IL, USA) to detect MYC translocation.
Results
The microscopic examination of H&E-stained sections of both lymph nodes showed partial effacement, and many enlarged follicles, some with activated germinal centers, increased interfollicular vascularity as well as increased number of dendritic cells (Fig. 1a) . Some of the follicles were noted to be partially or almost entirely occupied by large atypical lymphoid cells with round to slightly irregular eccentric vesicular nuclei, prominent central nucleoli, and fair amount of pale cytoplasm, consistent with plasmablasts ( Fig. 1b) . In some of the follicles, the large cells (plasmablasts) appeared to be extending to the mantle zones. Scattered plasmablastic/immunoblastic cells without cluster formation were also noted. The interfollicular regions were significant for sheets of mature-appearing plasma cells and numerous small lymphocytes. A diagnosis of multicentric Castleman's disease with microlymphoma was rendered on the basis of these morphologic features and immunohistochemical findings. There was no morphologic evidence of Kaposi's sarcoma.
The plasmablasts within the follicles and mantle zones were reactive for MUM1, CD138, and LMO2 and weakly for IgM (Fig 1c, d ). HHV8 immunohistochemistry revealed nuclear granular staining with LNA and EBV in situ hybridization for EBER transcript revealed strong reactivity in the neoplastic cells, (Fig. 1e, f) . A subset of plasmablasts within the germinal centers was weakly positive for CD20. An MYC immunohistochemical stain demonstrated nuclear staining in more than 85 % of the plasmablasts in the germinal centers (Fig. 1g) , while CD79a, PAX-5, CD30, and ALK as well as surface kappa and lambda light chains were all negative. Kappa and lambda in situ hybridization revealed a polytypic staining in plasma cells and absence of staining in plasmablasts. Ki-67 proliferation rate of the transformed GC cells was approaching 100 %. The interfollicular regions contained increased CD138-positive plasma cells and numerous CD3-positive T cells. CD21 stain highlighted increased follicular dendritic cells. MYC FISH analysis of the whole tissue and microlymphoma areas showed no evidence of MYC translocation or amplification.
Flow cytometric analysis of the lymphoid tissue failed to reveal an aberrant T-cell or monoclonal B-cell population. Most B cells showed a polytypic phenotype; however, a subset of B cells lacked surface light chain expression.
PCR analysis for detecting monoclonal B-cell population revealed no detectable monoclonal population with the BioMed2 primer sets used to detect gene rearrangement of immunoglobulin heavy or light chains.
Discussion
This is an unusual presentation of plasmablastic type of MCD with microlymphoma and HHV8 and EBV coinfection of plasmablasts arising in the setting of HIV. HHV8 and EBV dual positivity has been reported in several lymphoproliferative disorders including PEL, extracavitary PEL, GLD, and "plasmablastic microlymphoma" [6-8, 15, 21-23] . Deloose et al. [16] reported HHV8 and EBV coinfection in HIV-related solid large B cell lymphomas with plasmablastic/immunoblastic features. Although there was no evidence of primary PEL in the cases studied, the overall features described might suggest extracavitary PEL in these cases.
Castleman disease includes different variants and MCD variant is referred to variably as the HHV8-associated or plasmablastic variant of MCD [6, 18] . Most studies related Fig. 1 Features of microlymphoma. a Axillary lymph node with enlarged reactive as well as atrophic and hyalinized germinal centers, increased vascularity, and a follicle replaced by large atypical cells (arrow) (H&E,
×200). d LMO2 expression in plasmablats (×200). e-f
Coexpression of HHV8 (E, ×200) and EBV (F, ×200) in plasmablasts. g MYC protein expression in neoplastic cells (×200)
to HIV-associated MCD have shown high rates of HHV8 infection, especially in HIV-positive patients [6, 18, [22] [23] [24] [25] [26] [27] [28] .
Despite some promising treatment success particularly with anti-CD20-based therapy, HHV8-associated MCD represents a distinct clinical entity with a risk of progression to an aggressive disease, particularly those with features of microlymphoma. The survival in these patients is generally considered on the order of months [6] . HHV8 that is associated with monotypic (IgM-lambda) but polyclonal plasmablasts in involved lymphoid tissues usually residing in the mantle cell layers as HHV8 infects naïve B-cells; however, in the presence of EBV, HHV8 infects GC or post-GC B cells [29, 30] . Hence, the observation of coinfection of EBV and HHV8 as well as localization of infected cells in the GC in the current case is consistent with this origin.
Dupin et al. [6] analyzed eight HIV seropositive and 12 seronegative patients with MCD with one of patients having concurrent PEL. In this study, large cells with amphophilic cytoplasm and one to two prominent nucleoli showing preferential localization in the mantle zone that are infected with HHV8 are shown by the presence of LNA in all of the HIV patients. However, there was no significant EBV infection by PCR analysis. Three patients had clusters of plasmablasts within the GCs in sections of the spleen, and one case of microlymphoma showed rare EBV-positive cells (less than 1 %) by EBER ISH; however, none of the cases showed germinotropic EBER transcripts. Chadburn et al. [31] analyzed HHV8 and EBV in 17 MCD, plasmablastic type, and all but one patient were EBV-negative. In one case of EBVpositive MCD, the authors suggested coinfectivity of HHV8 and EBV based on the use of immunohistochemistry against viral IL-6 of HHV8 and EBER ISH; however, there was no description of the germinotropic localization of HHV8 and EBV.
Seliem et al. [19] reported an HIV seropositive patient with a similar clinicomorphologic and phenotypic features to the present case. They demonstrated multifocal involvement of lymph nodes and the spleen by plasmablasts first replacing the follicles and extensions into the extrafollicular and sinusoidal regions. The sections of the lymph node demonstrated clusters of germinotropic plasmablasts that were positive for HHV8, EBV, CD20 (focal dim), MUM1, and monotypic lambda light chain expression, but no CD138 or immunoglobulin heavy-chain expression. In the current case, the neoplastic cells were CD138 (dim) positive and were mainly confined to the follicles with scattered plasmablasts within the mantle zones. No significant extension of plasmablasts into the interfollicular or sinusoidal regions was observed.
Extracavitary or solid PEL is a rare B-cell lymphoma that mostly occurs in HIV-infected individuals. It has a similar morphology and phenotype to that seen in PEL except for increased expression of B cell-associated antigens and immunoglobulins. We failed to demonstrate monoclonality by PCR studies; however, some cases of PEL or extracavitary PEL as well as almost all of microlymphomas lack monoclonality.
Based on the current classification of lymphoid neoplasms, HHV8/EBV-coinfected transformed cells are primarily seen in PEL and its solid counterpart [9, 32] . However, our case, in addition to a previous case report by Seliem et al. [19] suggests recognition of a variant of MCD microlymphoma with germinotropic plasmablastic proliferation, coinfected by HHV8 and EBV. Both cases do not fit into PEL (including extracavitary variant) due to the presence of classical histologic and immunohistochemical features of MCD and lack of large clusters of solitary lymphoma. Furthermore, our case did not have any effusion to suggest presence of PEL. However, it is possible that a patient initially could present as microlymphoma in MCD and progress into full PEL as in the case of Seliem et al. [19] Therefore, one may even entertain the idea of "microPEL" in the setting of MCD, if all cases with HHV8/EBV coinfectivity are considered to be a signature of PEL.
B-cell lymphomas with plasmablastic features and related disorders are a heterogeneous group of diseases with overlapping features [32] . A careful clinical and pathologic evaluation is crucial to establish a correct diagnosis since the prognosis may differ. Table 1 summarizes the overlapping clinicopathological features of these lymphomas and also GLD. In the setting of HIV-related lymphomas with plasmablastic features, the differential diagnostic work-up includes PEL (including extracavitary type), PBL, MCD microlymphoma, and GLD. Among these lymphomas, PEL including the solid tissue counterpart and GLP are typically associated with HHV8 and EBV coinfection, while a great majority of MCD and microlymphoma shows HHV8 infection only. However, our case and the previous report on HHV8/EBV-positive MCD microlymphoma [19] following an aggressive clinical course illustrate that there are some cases intermediary in between MCD and PEL.
Germinotropic lymphoproliferative disorder is a fairly novel and rare entity with clinicomorphologic and phenotypic features yet to be clearly established. Du et al. [8] described three cases with distinct features including localized lymphadenopathy, atypical cells with plasmablastic morphology colonizing in the germinal centers, and coexpressing HHV8 and EBV [8] . Common B cell antigens were not expressed, and all cases showed light chain and immunoglobulin heavy-chain expression. Our case had some overlapping features with those reported cases on germinotropic lymphoma including morphologic, HHV8-and EBVpositive germinotropic plasmablasts but with variable heavy-chain and light-chain expression. In contrast to our case, all GLD cases reported to date occurred in HIVnegative individuals demonstrating an indolent disease course and prolonged survival [8, 33, 34] . On the basis of histologic and immunophenotypic features, some cases of GLD may be difficult to distinguish from MCD microlymphoma. However, MCD microlymphomas typically show IgM/lambda expression in plasmablasts, while GLD reveal any type of immunoglobulin heavy-and light-chain expression by the HHV8-positive plasmablasts. Nevertheless, the diagnostic criteria have yet to be established due to very few cases reported in the literature. HIV serologic and/or molecular status would, therefore, be critical for precise classification of HHV8/EBV-positive germinotropic plasmablastic lymphoproliferative disorders.
Although there was no karyotyping data available to demonstrate a MYC translocation, FISH analysis showed no evidence of MYC translocation or amplification. The presence of MYC expression by immunohistochemistry, however, suggests the possibility of MYC deregulation. Demonstration of MYC protein expression in the current case has not been previously reported in the setting of MCD. Immunohistochemical assessment of MYC protein appears to be promising for determining aggressive clinical course of B-cell lymphoproliferative disorders. MYC rearrangement has been reported in various B-and recently in Tcell lymphomas, including plasmablastic lymphomas with HIV association, the majority of which appear to be aggressive types with or without additional translocations and gene rearrangements [35, 36] . The presence of MYC protein expression in the current case may suggest a possible relationship to the typical aggressive course noted in MCD microlymphomas. Furthermore, MYC has been shown to be critical for cellular transformation and regulation of HHV8 function through regulation of LNA [37, 38] . The increased expression of MYC protein in the absence of MYC translocation or amplification may be explained by other types of mutations including aberrant somatic hypermutation described in B-cell lymphomas [39] .
In summary, we report a rare case of HIV-associated MCD with HHV8-and EBV-positive microlymphoma with MYC expression by immunohistochemistry. The finding of HHV8 and EBV positivity in MCD further extends the disease spectrum in HIV-associated lymphoproliferative disorders. Characterization and better understanding of the biology of MCD-related lymphoid proliferations and an accurate classification with more case series are warranted since these usually follow an aggressive clinical course requiring intensive therapy.
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